INTRODUCTION
Diachasmimorpha longicaudata (Ashmead) (Hymenoptera: Braconidae) is one of the most important parasitoid species for the biological control of fruit flies. The prominence of this species is attributed to its rapid adaptation to the media in which it is released, its great affinity with Tephritidae, and the ease of rearing it in the laboratory (GARCIA; RICALDE, 2012) .
Despite its prominence, the success of D. longicaudata as a control agent depends on its parasitism efficiency, and the quality and quantity of parasitoid females produced and released in the area to be controlled. Thus, the main objective of the mass production of this parasitoid is higher female production, since the higher the number of females produced, the more efficient and cheap will be their production, and the more accessible will be their use in biological control programs (OLIVEIRA et al., 2014) . Thus, knowledge of the factors that maximize female progeny production is essential for the success of the parasitoids rearing aimed at augmentative releases (MONTOYA et al., 2011) .
Variations in the number of females and males in D. longicaudata offspring occur due to the size of the host (also referred to as the quality of the host) (OLIVEIRA et al., 2014) , the occurrence of superparasitism (MONTOYA et al., 2011 (MONTOYA et al., , 2012 , the competition among females (ALVARENGA et al., 2016) , and the host density and availability (DIAZ-FLEISCHER et al., 2015) . D. longicaudata females tend to increase their parasitism activity when the space is divided with co-specific females, which can lead to superparasitism (ALVARENGA et al., 2016) . The density of the host can also influence the sex ratio, as lower densities of larvae might stimulate parasitism (DIAZ-FLEISCHER et al., 2015) .
Knowing the importance of females for mass rearing and biological control, the objective of the present study was to determine the ideal ratios of host larvae of C. capitata per female of the D. longicaudata parasitoid that would result in an increase in parasitism and in the production of female offspring.
MATERIALS AND METHODS
Eight-day-old females of the parasitoid D. longicaudata and third instar larvae of C. capitata were utilized in the present study. The insects were sourced from the Laboratory of Biological Control of Universidade Estadual de Montes Claros (Unimontes), where they were maintained under controlled conditions (temperature of 25±1ºC, relative humidity of 65±10%, and photoperiod of 12 hours).
To obtain the larvae, C. capitata eggs were collected from the colony stored in the laboratory and distributed to plastic containers (24 × 17 × 7.5 cm), in which the fruit fly larvae were fed on an artificial diet based on the methodology described by CARVALHO et al. (1998) . The containers containing the eggs and artificial diet were stored in the laboratory (25±1ºC, relative humidity of 65±10%, and photoperiod of 12 hours), and they remained there until the larvae reached the third instar.
The parasitoid females were taken from the stock cultures, already copulated and with oviposition experience. These females were transferred to adapted cages, which were made from clear plastic containers (11 cm in diameter and 8 cm in height). In the lids of the containers, a circular cut (6 cm in diameter) was made onto which a fine voile-type fabric was glued, which aimed to allow air to enter, yet preventing the escape of insects. In each cage, different numbers of the parasitoid females (1, 2, 5, 10, and 15) were placed, which were fed an artificial diet composed of honey and water, following the methodology described by CARVALHO et al. (1998) .
C. capitata larvae were offered to the parasitoid females in five different densities (10, 20, 30, 40, or 50) . These larvae were exposed to parasitism by means of "parasitism units," which consisted of the larvae and diet surrounded by a piece of voile that were hung inside the cages to simulate infested fruits. The larvae were exposed for 1 hour in cages containing different densities of the parasitoid females. After parasitism, the contents of the "parasitism units" were transferred to a plastic container of 180 mL capacity, which contained a thin layer of vermiculite previously moistened, covered with a voile tissue, and waited for pupation and subsequent emergence.
After emergence, the number of parasitoid females and males, number of flies, and number of dead puparia were quantified. The sex ratio was calculated using the formula: number of females/(number of males + number of females). The parasitism rate was calculated based on the formula: number of parasitoids/(number of parasitoids emerged + number of fruit flies emerged), as recommended by CARVALHO (2003) . Mortality was obtained by calculating the number of non-emerged puparia divided by the number of larvae offered.
The experimental design was completely randomized in a 5×5 factorial scheme (5 females/cage densities and five larval densities/"parasitism unit") and 12 replicates. The data were submitted to analysis of variance and, in case of significance, the averages were compared by the Tukey's test at 5% probability. Analyses were performed using the statistical program Sisvar (FERREIRA, 2000) .
RESULTS
There was a significant interaction between the number of females in the cage and larval density in relation to sex ratio (p<0.05, F=4.377). When using a density of 10 larvae per "parasitism unit," the highest sex ratio was observed for 10 females/ cage, i.e., the ratio of 1:1 (larvae/females). The lowest sex ratio was observed when 10 host larvae were offered to 15 females, i.e., more than one female for each larva. When using 20, 30, and 50 larvae, the lowest sex ratio was observed for the density of 2 females/cage. Thus, ratios of 10:1, 15:1, and 25:1 larvae/females, respectively, differed significantly from the other female densities (Table 1) . However, regardless of the density of larvae offered, the highest sex ratio was verified when 10 females per cage (68.30%) were added and, irrespective of the number of females in the cage, the sex ratio was higher when 10 larvae of C. capitata were offered.
There was a significant interaction between the number of females in the cage and larval density in relation to the parasitism rate (p<0.05, F=5.869). The percentage of parasitism was significantly reduced based on the increase in larval density, except for the treatment in which 15 females were offered; in this case, the results were similar for all densities (Table 2 ). In contrast, the parasitism rate increased with the increase in the density of females/cage. The lowest parasitism rate was observed when the females were isolated, that is, just one female in one cage or dividing the same space with just one more female in the cage, which was observed at all larval densities. When the density of five females was used, the highest parasitism rates were observed for the densities of 10 and 20 larvae, i.e., ratios of 2:1 and 3:1 larvae/females. With the increase in the number of females per cage (10 and 15), there was increase in the parasitism, being on average above 90%. There was no significant difference between larval densities when 15 females/cage were offered ( Table 2) . Regardless of the density of the larvae used, the highest percentage of parasitism was observed at densities of 10 and 15 females per cage (90.22 and 93.91%, respectively). Conversely, when 10 larvae of C. capitata were applied, regardless of the density of females, the highest parasitism rate was observed.
There was a significant interaction between the number of females in the cage and larval density in relation to pupal mortality (p<0.05; F=5.056). When one, two, five, and ten females/cage were added, there was no significant difference between larval densities for mortality, except for the density of 50 larvae, in which the lowest mortality was observed in comparison to the other treatments. The highest mortality percentages were observed in the treatment with 15 females in all evaluated larval densities (Table 3 ). The highest mortality of larvae was observed in the density of 10 host larvae for 15 females. Regardless of the density of larvae added, the highest mortality percentage was verified in the density of 15 females per cage (35.68%), and, no matter the density of females, the highest mortality was observed when 10 larvae of C. capitata (26.83%) were added. 
DISCUSSION
The results observed for the densities of one and two parasitoid females (Table 1 ) are in accordance with the Local Mate Competition Theory (LMC), proposed by HAMILTON (1967) . According to this theory, when only one female oviposits in a site, it tends to lay eggs that will produce females, and when the females are accompanied, it tends to oviposit a greater number of eggs that will produce males, so that it will mate with the available females. However, the results obtained for the higher female densities and lower larval densities offered in the present study were contrary to the LMC theory, i.e., in the presence of a very high number of females, the progeny sex ratio tended to increase. The highest sex ratio and highest parasitism rate were obtained in the lowest ratio of host larvae/females (1:1) (Tables 1 and  2) . Conversely, higher mortalities were obtained at lower host densities and higher female densities (Table 3) , which might be related to superparasitism. Superparasitism is a specialty of parasitoid females in which an egg is deposited in a host that is already parasitized by another co-specific or by themselves (i.e., self superparasitism) (VAN ALPHEN; VISSER, 1990) . Superparasitism might explain the greater emergence of females and the high parasitism rates obtained in ratios of 1:1 (larvae/ females) in the present study, since superparasitism is correlated to the highest ratio of females in the progeny of D. longicaudata (ALVARENGA et al., 2016; GONZÁLEZ et al., 2010; MONTOYA et al., 2011 MONTOYA et al., , 2012 . In the past, superparasitism was considered to be a female error, attributed to the failure to discriminate an already parasitized host. However, nowadays it is understood as an adaptive advantage, in which the female increases the chances of her offspring surviving by laying more fertilized eggs inside the host (GONZÁLEZ et al., 2010) . In this sense, when a female oviposits a previously parasitized host, then this would attain a higher reproductive expectation than if she decided to reject it (MANGEL, 1992) .
Females, when dividing the same site with a co-specific, tend to increase their parasitism activity, which can lead to superparasitism (ALVARENGA et al., 2016) , and that can be potentiated when small numbers of host larvae are offered (MONTOYA et al., 2000) . Thus, females manifest the competitive behavior via superparasitism, probably with the objective of preventing their competitor from re-parasitizing the host that had already been superparasitized by it (GODFRAY, 1994) .
Similar results were obtained by VAN NIEUWENHOVE et al. (2012) , who evaluated the proportion of the host larvae of Anastrepha fraterculus (Wiedemann) (Diptera: Tephritidae) and females of D. longicaudata and established that ratios closer to 1:1 (host larvae/females), providing a higher parasitism rate and sex ratio. The authors observed a correlation between the superparasitized larvae and greater emergence of females. Superparasitism is an interesting factor to consider in mass rearing, but an excess of superparasitism can cause deleterious effects, resulting in pupal mortality, mainly in small densities of hosts. Thus, the high pupal mortalities observed in the present study for the ratios of few hosts and high densities of females (Table 3) could also be attributed to superparasitism, but in this case in excess.
As demonstrated, when confronted with a competitor, a female increases her parasitism activity, leading to superparasitism, especially in small host densities (ALVARENGA et al., 2016; MONTOYA et al., 2000) . This phenomenon might have occurred in the present study, with up to 60.83% mortality seen when 10 host larvae were offered to 15 parasitoid females. Our hypothesis is supported by the study by GONZÁLEZ et al. (2007) , who observed that moderate levels of parasitism (up to six oviposition scars/host larvae) were beneficial for the emergence of the parasitoid and increased the proportion of females in mass rearing. However, higher parasitism levels can significantly reduce the emergence of parasitoids. In this context, it can be verified that the ratios in which high levels of mortality were observed were the same as for higher rates of parasitism. Conversely, for the 1:1 ratio, in which 100% parasitism was observed, there was low pupal mortality. Females in these conditions had probably not superparasitized to levels 1 Different letters mean significance between the means, in the lines (lower case) and columns (upper case) (p<0.05); CV: coefficient of variation. that had affected the larvae and, consequently, the emergence of the parasitoids. Although several authors have constated the correlation between superparasitism and higher sex ratios, this hypothesis cannot broadly sustain the results obtained in the present study. As the intensity of superparasitism is evaluated by the number of oviposition scars left by the females at the time of oviposition and, in the present study the numbers of scars on the parasitized larvae were not recorded, it is not possible to affirm this correlation between superparasitism and higher sex ratios.
Females of D. longicaudata tend to manifest the behavior of competition by increasing their parasitism activity, as observed in the present study, and this competition may, under certain conditions, be favorable for mass rearing by increasing the rate of production and the number of females in the progeny. However, if the competitive environment is extreme, i.e., it stimulates a higher amount of superparasitism, to the point which it influences the emergence of parasitoids, competition among females becomes detrimental in mass rearing. It can be verified that, when we used a ratio of 1:1, a higher number of females in the progeny, high parasitism, and low mortality were observed. Conversely, when we reduced the number of host larvae, the females tended to increase oviposition activity due to the low supply of host larvae by females, which resulted in higher mortality rates, probably due to high superparasitism.
Therefore, from the results obtained, we recommend the supply of host larvae in a ratio equal to the number of females of D. longicaudata.
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